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The invention reletes to 2 method for coupling
protcins to a starch-desived modifted polysaccharide.
The binding interaction betwean the enodified
polysaccharide and the protein is based on a covalent
bond which is the result of a coupling reaction
betwaen the terminal aldehyde group or a tunctional
proup of the modified polysaccharide moleculs resulting
trom the chemicel reaction of this aldehyde group and
a functional group of the proteln which reacts with
the akiehyde group or with the resuiting funchional
group: of the  polysaccharikis mdlecule. The bond
directly resulting rom tha coupling reacton can be
optionally modified by a further reaction to the
aforementioned covalent bond. The invertion further
relates to pharmaceufical compositlans that comprise
canjupates formed in thiz coupling process and to  the
use of said conjugates end composlllons for the
prophylxds of therapy of the human or snimal body.
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(549 Tule: COUPT.ONG PROTEINS TO A MODIFIED POLYSACCIIARIDE

(54) Bezelchnung: KOFPLIING VON PROTRINTIN AN FIN MODIFIZS FRTES POLYSACXIIARM)

== (57 Abstraet: The jovention relates to g rocthad for coupling proteins o a starch-derved odificd polysaccharide. The binding
== action between the wodificd plysuccharide and (b proteia is buscd us u covslent bond which i flx resull of a quupling euction

T between the tomlnat aldchyidhe &roup or 3 funclonal group of the mudificd polysaccharide mojeout

Ming from the chsmica)

thaction of this aldchinl: gruup aud a functioie} Poup of the protein which reacts with the aldehyde gooup or with the resaliing
fancioned geoup of the palyzaccharide molocute. The bond direcdy resulting fron the coupling reaction can be optionally modified

™3 by afurtherreaction to tho sforementinned covalenthond. Theinvention fanherrelatas o ph ica) atcomprisc

< <ennjugates formed In this coopling process and t the asc of xaid conjugates and for the prophylasis or Py of tho
twman or quimal body.

£~

@

S 57) Zusammenfassung; Die vorficgenus Kafindung betrifli tic Kopplung voo Proteines ancip vor Stiirke abpricitetes modifiziertzs
~ Polysaccharid, wobet die bindende Wechsefwi 8 Zwischen dem madifziericn alysxecharal vod dem Protcin aul einer kovaten-
¢~ b» Rindung beruht, welche das Prgebnis elner Kopplnmgsreskion 7wiechon der emixisndigen Aldchydeeunpe oder ciner ans diesce

~— Ak hydpruppe derch chemasche Ul 8 her pegAngeacn funkr

Jten Cruppe des modifi gerten Polysaccharihmolckdlx uod

g elnes mit dlesex Aldehsdgruppe oder darmus bervorgegangenen funiiunclicn ruppe det Potysaccharidmolekids reaktiomsfihigan
faokliveellen Gruppe dos Pruteins ist, wobe die b iy Kopplaugsteaktion warnitielbar resuhtirende Binduuy pegebenenfally dusch
eing weiten: Reakfion zur obeagerzmuatsn kyvolenten Bindang uuitizied scio keny, Dic Briindung betiiffl Romer phrrmezeutische

g Losamasnsolamyen, w:che dic hef der Kopplung gebikkien Konjugste uenfssen, uod dic Vxwendung divser Konjugule und Zu-
sammensZungen 2ur prophvinktischen oder therapeutisehen Behandluog dos menschiichen oder derischen Kenypers.
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Coupling proteins to a moedified polysaccharide

The rapid development in genetic engineering in recent
decades has led to the new identification of a large number
of genes for proteins having potential theraveutic benefits
and to the possibility of producing withcut difficulty the
corresponding gene products, pure oOC rearly pure in
relatively large quartities, with the aid of biological
expression syvstems.

However, it has emerged that the use of sech proteins in
practice, e.qg. in diagnosis, therapy and for
biotransformations, frequently meets with difficulties
tecause the stability ard solubility Propercies thersof,
especially at physiolcgical pH  values, 3are often
unsazisfactory. Two examples of such proteins are tumor
aecrosis factocr UNF-x or interleakin-2.

Snlubility problems addizionally occur very irequently in
the exoression of glycopreteins in prokaryo=ic systems such
as E. coli, vecauze they are then expressed without the
narural glycosylaticn, xesulzing in a coasiderably reduced
solukility ip some cases. This may make it necessary o use
considerably more costly eukaryotic expression systems.

On therapeustic use ip the bady, many pcoteins are very
quickly removed from the bloodstream or cGegraded.
Systemically admiristered proteins having a molecular
weight of rmore then about 70 ko may be removed from the
circulaticn by the reticulecendothelial system or specific
interactions with celluler receptors. Smaller proteing
having a molecular weight cf less than about T0 XD may in
addicio_n be removed to 2 lacge extent by the glomerular
filtraticn in the Xicdney {exclusien limit abou: 70 kD).
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A0 apprcach follewed recently o eliminate the descrikted
Broblems consists in coupling such Problenatic greteins to
biocompariple polymers with qecd Soludility jn water, such
as, for example, Polyethylenc givcol ang dextran. On the
one hand, it is possible by the Coupling to increase the
mdlecular weinkc ahove the th:éshold of 70 kI, 30 that the
Plasma residence time of smaller proteins <an ke
drasticatly increased, and on the other hand tie solubility
in aqreous mediur c€an be improved by the hydrophiiic
Polymer portion,

Further, Usually beneficial effects which may Be connected
with Coupling of proteins o such Polymers are based on the
masking of Protease recognition sites and  antigenijc
detarminants on the protein molecule by the bound Polymer,
dn the ane hand, it is possibie thereby for the therapeucic
Proteins substantially to escape pProteolytic degzadation,
ard on the ather 7and there is substantia] Suppression of
the irduction of allergenie reactions by the exogenous
therapeutje pProtein. Beyvond the ircrease in molecular
weight, Proteins are thus Protected by the Preserce ns g
Polymer from €nzymatic degradat jon and, ig addition, often
from theraal, denaturation, In many cases, the Stability ang
in vivo half-life ot the proteins ig markedly ircreased,
ard the immunogenici:y and antigenicity falls, thereby.

To date, moge modificaciors have beor carried out with
Pciyethylene glycosl aor dextran, with PEg deing generally
rreferved because it affords Simpler Products,

Dexcran Coup.ings have beer described for only a few
Proteins sueh as, for €Xanple, Sireptokinase, Plasmin,
temcglobir or aprorinin, However, dextran conjugates often
skow high allergenici:y, Preswmakly caysed by dextraa
degradatiopn products, a low hmcabolic Staebiiity and, {n
wany cases, low yields in the eoupliag raactiens. This hag
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jed ts nona of these dextran coupling prcducts being
approved as yet for therapeutic use in humans or animals.

Derivatizations with PEZG have been carriad out considerably
more frequently, so that tais method can now bas rcgardec as
szandzrd for increasing tae mélecular weight of proteins.
Some of these derivatives are in varicus phases of clinical
vrials or are already approved in =he USA. PEG-hemeglobin
is currently in phase III, as is a PEG adduct of superoxide
dismutaze ({SOD), which 1is the protein which has  been
investigated most in relation to polymer couplings.
3EG-coupled asparaginase is alrecady emplayed in the therapy
of acute lymphocytic ieukemia. In 2001, PEG-interferor-a
was =pproved For the treatment of hepatitis C patients.

On use of these 2EG zonjugates, however, side effects
ranging from vunpleasant to dangerous have also been
reported, such as pruritis, hypersensitivity reactions and
pancreatitis. In addilion, the niolegival activity of the
preteins after PEG coupling is ofter very low and the
netabslism of :hc'deg:adaticn products of PEG conjugates is
st=11 substantially unknown and possibly represents a
health xisk.

WO 99749897 describas conjuyares of hemogiobir which are
Zoomad ky reacting the aldehyde groups cf oxidatively ring-
ooered polysaccharides such as hydroxyethylstarch or
dextran with prima2ry amine groups of ~he protein. Howevey,
ia this case, the employed polysaccharides scr. as
pelyfunctional reagents, resultirg in a very helerogeneous
product mixture with properties which are difficult to
adjust.

US patent 6,083,303 describes a process for coupling
selectively oxidized hydroxyethylstarch to Lemoglebin in
CMSO. Our investigations have shown, however, rhat the
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desived product i$  nor obtained under the stateq
conditions, Lecause hemaglobin is denacured in DMSO ang
thus ioses its kiological activity.

Thexe is thus sr:ilj} a need for physiolagically well
tolerated alternatives to dextran- or PEG~coupled proteins,
with which the soluhility of proteins car. be lmproved oz
tae plasma residence time of the proteins can pe increased.

It is therefore an cbject of cke invention to provide such
aiternatives and to develop simrole znd efficient processes
for prepa-ing such zlternative protein derivatives.

This objecc is achieved according to the invention by
hyd:oxyalkyls:arch-protein conjugares which are
tharacterized :in that the binding interaction between the
hydroxyalkylstarch molecule and the Protein is based or a
covalent bonding which is the rasult of a coupling reaction
belween the termina® aldehyde group, or a functional Group
derived Erom this aldekyds group by chamical reaction, of
the hydroxyalkylstarch molecule and » fusctional groug,

which is akle o veact with this aldehyqe group ot

25

30

2473478A1 | >

functional group cerived theretrom of the
aydroxyalkvlstarch molecule, cf tha protein, where the
bonding resulting directly in the coupling reacticn can be
redified where appropriate by a further resction to give
the abovementioned covalent bondiag.

The invention further includss pharmaceutical conpositiony
which comprise these conjugates, and ihe use of these
ctonjugates and compositions for tre pProphylactic or
therapeutic treatment of the tuman ox anima)l body, and
methods fer preparing these conjugates and comrpositions,

It has surprisingly been found the: tke reactions describeg
above can, with a Suitable chaice of the conditions, be
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carried out in aguasus solution, thus allowing the
biologizal activity of the proteins in many cases T2 be
zompletely cr partly retained.

The aquecus reaction medium EoF the couplirg reacticn is in
tais case preferably water or a mixture ¢l water and an
organic solvenl, where the proportior of water in the
mixture is at least adbout 70% by weight, preferably at
leasr about B0% by weight, more preferably ot least about
90% by weight.

The molar ratio of hydroxyalkylstarch (HAS) to protein in
the coupling reaction is usuaily about 2G:1 to 1:1,
preferably about 5:1 to 1:l.

Tne <xemaining biological activity of the inventive
hydroxyalkylssarch-protein corjugates, based an the initial
activity of the protein, is wusually at least 40%,
preferably at least 50%, more prefaraobly at least 70%, even
more preferably at least 903, most preferably at least 93%.

The hydroxyalkylétarch (4A5) employed according to the
invention can be prepared by a keown method, e.g.
nydroxyalkylaticn cf starch at the Cz and/or C; position cf
the  zpnhydroglucose units with  alkylene  oxide or
2-chloroalkanol, e.g. 2-chloroethanol (see, for exarple,
Us 65,218,108 Eor the hydroxyetkhyiatior oI starchji, with
various desired moiecular weight ranges and degrees of
substitution. It is alsc possible to employ any
preparalions obtainsble commercially- The detiritior. ot the
aikvl grouping in “hydroayalkylstarch”, as used herein,
includes methyl, ethyl, isopropyl and a-prosyl, with
particvlar preference for ethyl. & substantial advantage ofF
HES is that it is already approved by the auchorities éas
bioccmpatible plasca expander and is employed cYinically on

a large scale.
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The average molecular weighi of the hydroxyaikylstarch can
ve in the <arge from about 3 kD +o sevexal million dalzons,
Freferakbly abocut 4 kD =o about 1000 ko, more preferaniy in
the range from aboue 4 kD to about 30 kD or in the range
from zbout 70 kD s abouat 1000 k@, Particularly Preferabiy
about 130 k0. For coupling to small Proteins, the average
molecular weight cf che hydroxyalkyistarch s preferably
chosan so that <he abovementioned threshnoid of 79 xp is
exceedes with the conjugates, whersas for coupling to large
Proteins the molecclar weight of the Aydroxyalkylstazch
will preferably ke in the lower region of said range. Since
coupling is possible at a plurality of sites in a vrotein,
it may alsc be advantageous to couple a plurality of swall
polymer chains, instcad of one of high molecular weight,
The degree of substitution (ratip of the cumber cf modifieqd
anhydroaglucose unicy to the rumber of achydroglucose units
in total) may likewisc vary ang will frequently be :p the
range from about 0.2 ¢o 6.8, referably about 0.3 to 0.7,
more preferably about 0.5, (Note: the numbers relate to the
"degrce of Substz}tution". which is between 0 ang i). The
ratic of C; to G Substitution is noermally ia the range
from 4 to ie, preferadly in the range from 8 to 12.

These parameters can  be adjusted by ' known methods.
Experience with the yse of hydroxysthylstarch (8ES) as
blood substizuce ras shown that the residence time of HES
in the Elasma depends on Lhe molecular weight and the
degree cf =ukstituzion apd tyoe of substitution {Cy
stostitution ar Cg substitution), with a higher molecalar
weight, a higher degree of substitution and a higher
Proportion of ¢, substitution increasing the residence
tire.

These relationskips also 'apply to  the ' :nventive
hyd:oxyalky].starch-pro:ein coniugates, so that the

247B478AY 1 »
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resideace time ot & particular conjugate in the 3lasme can
be adjuated via the oropoxtion of pclysaccherida,

Hvdroxveshylstazch products with an average molecular
weight of 130 kP and a degzee of substitution o2 0.3, and
with an average molecular weight oZ 200 k0 and a degree aof
substitutisn of #.25. have already been used clirically as
bloo¢ substitutes and are afso suvitable for use in the
present ipvention.

The protein suitabte in the presert irvention is in
principle any protein which nas the necessary functional
group, e.g. a [ree amino group, thioel group or carhoxyl
group, for reacting with the functioral group of the HAS
molecule.

A desired functional group can be introduced also by
reacting the pfo:ein with & suitable, physiologically
tolerated, bifurctional linker molecule. The remaining
reactive functional group of the couplec-on linker molecule
iz then likewise regarded as “reactive functjonal group of
the protein” for the purposes of the present. invention.

Suitable linker molecules comprise at cne end 3 grouping
able to egter into a covaient bonding with a reactive
furctioral gvoup of the protein, e.g. an amino, thiol, or
carboxyl group, and at the other end @ grouping likewise
able to enter into a covalen:t bonding with the =erminal
aldehyde group or a functional group derived therefrom by
chemical reaction, e.g. 2 carboxyl  group, activated
cartoxyl group, amino or thiol group. Between the two
fuactional croups of the linker molecule chere is a
biocompatible bridging molecule of suitzble lengta, e.g. a
groupirg derived from an alkane, an {oligo)aikylene glycol
grouping or =znother suitable oligomer grovping. Preferred
grouvpings able tc react with aminc groups are, fer exampla,

BNS nane
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:{—hydroxysuccinimide esters, sulfo-N—nydroxysuccinixr-.ide
esters, imido €5ters or ather aCtivated carboxyl groups;
preferred 9givupings able tg Téact with +hiol JTOUPS are,
for exaapla, maleim:ige and carboxyl gIdups; preferreq
S groupirgs able so reLct with aldehyde or.carboxyl groups
. ere, for exanpie, 2mino or thit;l groups,

Examples of linker molecyles for connectiry SH and wy
Zhactions are:

AMAS (N-u{maleimidoacetoxy]succinimide ester)

BM2s iN-g {maleimidopropyloxy) succirimide ester)

GMBS {-y (maleimidobutyryloxy) Succinimide ester)

EMCS (N-s(maleimidocaproyloxy)succinimide ester)

M3s (te- (maJ.eimidobenzoyl} “N-hydroxysuccinimige
ester) )

sMcc (succinimidyl ¢-(N-maleimidomethyl) eyclo-
hexane—l-carboxylate)

SMPZ {succirimidyl 4- (p—maleimidophenyi)butyrate)

SpPD2 (succinimidyl . 3-(2~

Sulfo- Pyridyléithio) Proprivnate)

GMBS {N-y(ma leimidcbntyryloxyl sulfosuceinimide

Sulfo-~ estex)

EMCS (N-g(mal eimidoeaproyloxy) sulfosuccinimide
ester) .

10
Examples of linker molecnles for €onnecting 5y and - SH
Junctions are:

BM3' {i. a—bis-maleimidohu:ane)

BMD3 {i.4~bis-ma leimido-2, 3—dihydroxyb,utane)
RMH tbis-maleimidohexane)

BMOE tbis-maleimidoechane;’

DTMe {dith i.o—l:i.s-maleimidoethane)

HBVS ’ (1. G-hcxane-bis—vinyl Sulfone)

8M(PZ0) , 1. S-bis—maleimidotriethylene giycol)
BM(PZO) . (L.t ?.-bis-male.imidétetraethylene glycol) .

BABODCID: «Ca 247847871 | »
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Examples of linker molecules for connecting NH and NH
functions are:
BSOCOES {big - (2-succinimidyloxycarbonyloxy) ethyl)

sulfone
Bg? {bis-(sul Fosuccinimidyl) suberate)
DFDNB (1.5-4difluoro-2, 4-nitrobenzene)
DMA (dimethyl adipimidate HC1)}
psSa (disucecinimidyl glutarate)
psSs (disuccinimidyl suberate)
EGS {ethylene glycol bis {succinimidyl succinate).

Examples of linker molecules for connecting SH and CHO
functions are:

BMPH (N- {R-maleimidopropionic acid}hydraz tde TFA)

EMCA (8- {s-maleimidocaproic acid) hydrazide)

XMUIL (N- (x-maleimidoundecanoic acid) hydra'z ide)

M,C2H (4- (N-maleimidomethyl) cyclohexane-1i-
carboxylhydrazide HC})

MPBII {(a-{4 -N-maleimidophenyl)butyric acid
hydrazide HACl)

PDPE (3-{2 -pyridyldithio) propionylhydrazide}.

An example of a linker molecule for comnecting SH and OH
functions is
PMPI (N- {p-maleimidophenyl) isocyanate).

Examples of linker molecules for converting an SH function
into a CCOH function are

BMPA (N-B-maleimidopropionic acid)
BMCH (N-B-maleimidocaproic acidl
KMUA {R-x-maleimidoundecauoic acid}.

Examples of linker molecules for converting an NH function
into a COOH - function are MSA (methyl N-succinimidyl
acipate) or longer-chain = homologues thereof or
corresponding dexrivatives of ethylene glycol.

BNS paor
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ExXamples of linker moiecules for Converting a COOR function
into an Ng funcrine are DaB (1.4-diaminobutane) c¢r longer-~
chain homolcques trereot Or corresponding derivatives of
ethylene glyeol.

An exatple of 2 linker molecule which reacts With an amino
group of a molecule and Provides a protected aminn group at
a8 larger distance from this molecule to avoid steric
hindrance is TFCS (N-z(triEluoroacccylcaproyloxy)~
succinimide ester).

Further suitable linker wmolecules are known to skilled
workers and commercially available or can be designed ay
required and depeading ar the functional groups present and
desirved in the HAS and the protein to be coupled or, and bo
Prepared by known methods,

The rterm “protein” for the pPurposes of the present
invention is intended to include évery amino acid sequence
which comsrises at least 9-12 aminop acids, preferably at

ieast 1S5 amino acids, more Preferably at ieas: 25 aminn

acids, particularly preferably ac lease 50 amino acids, and
also include natural derivatives, ©.g. pre o: prcforms,
9lycoproteins, Phosphoproteains, or synthetic rodifiec
derivatives, e.g. Zusion proteins, neoglycoproteins, or
proteins modified by geretic engineering metheds, e.g.
fusion proteins, pProteins with amiro acid exchanges to
introduce preferred coupling sites,

For the Pzophylactic or Cherapeutic treatment of the human
or animal body, tke relevanc Protein wi:l carcy out a
particuilar desji-ed Tunctfea in the body. The Frotein
tharefore Preferadbly has, for example, a xeguiatory or
catalytic funetion, g signai transritting of transport
functier or a fuaction in the immugne response or induction

247847341 | >
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of an inmune r2sSponse.

The prctein may be selected for exampla fran the group
compcsed of erzymes, antibodies, antigens, transporl
prozeins, bioadhesion prcteins, hormones, growth factors,
cytokines, receptors, sLppressors, activators, inhibitors
or a functional derivative or fragment therecf. “Zunctiornal
gerivative oc fragmeat” means in this connection a
derivative or fragment which has retained & desired
biological properrty or activity of the pareat molecule in
whole o- in part, e.g. to the extent of at least 10-30%,
preferahly more than 50%, even more preferadly more than
70%, most preferably more than 90%. Particularly preferred
exzmpies of such a fragment are antibody fragments.

Specific exawples are a-, B- or y-interferon, interleukins,
e.g. IL-1 to IL-18, growth factors, e.g. epidermal growth
facror (E£GF), platelet growth factor (POGF}), fibroblast
growth factor (FGF), brain-derived growth Zactor (BDGF},
nerve growth factor (NGF), B-cell grewth factox (BCGF),
brain-derived neurotrophic growth factor {BDNF), ciliary
nevrotrophic factor (CN7YF), transfozming gzowth fzazctors,
e.qg. TGF-o oz IGF-B, colony-stimulating factors (CSF), e.g.
GM-CSF, G-CSF, BMP (dbone morphogenic proteins), growtn
hormecnes, e.g. human wrowth hoxnone, tumor necrcosis
factors, e.g. TNF-o or TNF-B, somatostatin, somatotragin,
sematomedins, serum bprcteins, e.g. cliottinyg factors
II-X-{Z, &lbumin, erythropoierin, myoglobin, hemoglobin,
plasminogen activators, e.y. tissue plasmirogen activator,
hormones or prohormones, c.g. insulin, gcnédotropin,
melanocyte~stimulating horamne (x—-MSH) , triptorelin,
Lypothalamus hocmones, e.g. antidiuretic horrones {ADH) and
oxytecin, =and liberins and statisas, paratinyroid hozmone,
Lhyroid hormones, e.g.- thyroxing, thyrotropin,
tayrolikerin, prolactin, calcitonin, glucagon, glucagon-
lixe pepntides (GLP-1, GLP-Z, etc.), exendins, e.g.

BNS pagae
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exendin-g, leptin, vasopressin, gastrin, fecretin,
integrips, 9lycoprotein hormones (e.g. L§, FSH, etc.),
Pigmentary hormones, lipoproteins and apolipcp:oteins, e.q.
Apo-B, Apo-F, Apo-L,, inuuunoglobulins, ¢.9. IgG, 1g9%, IgM,
I34, 1igb or a fragment therepf, hirudin, tissue pathway
ichibitor, rlart proteins, €.9. lectir. or ricin, bae venom,
snake venoms, iuurmnotoxir.s, antigen g, bur.:o;mbina, alpna-
Proteinase inhibitor, ragweed a!_leréen, melanjin,
0ligolys:ine Proteins, Rgp proteins or, where apprepriate,
corresponding Teceptors fqr one of thesa Prateins; or a
functionai derivative or fragmenc of one of thess proteins
oY reteptors.

Svitaple Blzymes may be selected for éxample frem the
9roups of cerbohydra:e—specific enrzymes, Proteoclytic
enzymes, oxidases, oxidoreducr_eses, transfezases,
hydrclases,‘ lyases, iscmerases, kinases ang ligases.
Specifie, fon-restrietive examples are asparaginase,

arginase, arginine deaminasa, adenosine deaminase,
9 vtamirase, glutaminase-asparaginase, phenylalanine
em:nonia—lyase, tryptophanase, tyrosinaxe, Superoxide

dismutase, an endotoxinase, a4 catalase, Peroxidase,
kallikrein, trypsin, chymot:rypsin, elastase, thermolysin, g
lipase, 4 uricase, adenosine diphosph&:ase, purine-
nucleoside phos;:horylase. bilirubin oxidzse, a glucose
cxXidase, 9lucodase, gluconate oxidase, galactosidase,
qlucocerebroaidase, glucurcmidase, hyalumnidase, tissue
factor, g, tissue Plasminogen activator, Streptokinase,
urokinase, wmap kinases, DNAses, RNAses, lactofe:rin, and
functioral derivatives or fregments therear,

23 mentioned gbove, the functional group of the Has
molecule inyolyeq in the Coupling reacticn ig the terminal,
éldehvde group or a group derived therefrom by chemical
reaction,
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one example of such a chemical reaction is the sclective
oxidation of this aldehyde group with a mild oxidizing
agent such as, for example, iodine, bromine or some metal
jons, or elise by means of electrochemical oxidation to &
carboxyl group or activated carbdxyl group, e.g. an ester,
lactone, amide, with the carboxyl group being ccnverted
where appropriate in a second reaction into tke activated
derivative. This carboxyl group CX activated carboxyl group
can chen be coupled to & primary amino or thiol group of
the protein to form an amide )inkage or thiosster linkage.

In a particularcly preferred preparation method, this
aldehyde group is selectively oxidized with a molar excess
of iodine, preferably in a molar racio of iodine ro HAS of
£rom 2:1 to 20:1, psrticularly preferably about 5:1 to 5:1,
in eaqueous basic solution. In the optimized method
described in  example 1, initially ar  amoupt  of
hydroxyalkyistarch is dissolved in hot distillacd water, and
cemewhat less than 1 mole equivaleat’ of &agueous iodine
soluticn, preferaply in a concentration of about (.05-0.5N,
particularly preferably about 6.1N, is added. ASter this,
an agueous NaOH solution ip a molar concentzation whick is
about 5-15 times, prefcrably about 10 times, that of the
iodine solation is s:owly added dropwise, at intervals of a
plurality of minutes, to the reaction solution ungil tha
soluticn starts to become clear agair after the addition.
Samewhat less than 1 mole equivalent of the above aqueous
icdine solution is again added to the reaction solution,
the dropwise addition of the NaCH solution is resumed, and
the addicion of iodine and NaOH are repeated wuntil
approximately 5.5-6 mole eguivalents of iodire solution ard
11-12 pole ecuivalents of NaOH solution, kased on =zhe

hydroxyalkyls:zarch, have been addsd. The reactior is then:

stopped, the reaction solution is desalted, €.g9. by
diatvsis or ultrafiltzation, subjected to a cation exchange
chrcmatography, accd the reaction product ‘is obtained by

B8NS paoe
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lyophilization. In this methed, virtually guantita-jve
Yields are achieved irrespective of the mclecular weight of
the HAS.

Ta = furcher Particular)y prefexregd enbodiment, the
seiective oxidation takes place with alkaline Stabilized
solutiors of mera) icns, e.g. cp* or Ay, likewise in
éprproximately Quantitative yields (example 2). It is
prefarred inp this case to employ an approximately 3-10
times molar excess of the bxidizing agent.

an activating reagenc with g free amino gIoup of he
desired Protein to fory an  amide lipkage, Examples of
suitable activating reanents are N-hydroxysuccinimide,
N-hydruxyphthalimide, thiophenol, p—nitrophenol,
o,p—dinitrophenol. trichlorophenol, trifluorcphenol.
pcntachloro?henol, pentafluorophenol, l~hydrcxy-1n—
benzo;riazole (HOBt) , HOCRE, ANsa, 2-hydroxypytidine,
J—hydroxypyridine, 3,4-dihyd:o—4-oxobenzctriazin—3-ol,
4-hydroxy—2,S—diphenyl—B(ZH)-tbiophcnone l.l—dioxide,
3-pheny1~1—(p-nicrophenylj-2—pyrazolin-5—one), [1-bonzo-
t:iazolyl—N—cxytris(dimethylamino)phosphonium hexafluore-~
Phosphate] (BO2), [1~benzctriazolyloxyzripyrroljdino-
Fhosghonium hexafluorophospbate {Py30F), [0—(benzotriazoL-
l-yl)—N,N,N',H'—tet:amethyluronium hexafluo:cphOSphate
(HBTY) , 10~(benzo::iazc1-l-yl)—N,N,N‘,N'-tetramethyluronium
tetrafluor:horate (TBTL) , lo~[bcnzotriazo!—l—yl)-N,N,N',N’—

bis[pentamethylene)uronium hexafluorophosphate,
[0-tbenzctriazol-1-yll-N,N,N',N'—bis(tettamc:hylene}uronium
hexafluoroPhcsphate, carbonyldiimidazole (CoI), or

Praefezably Carbodiimides, e.g, 1—(3—dimethylaminopropy1)-3—
e:hyicarbodiimide {£DC), diqyclohexylcarbodiimide (bce),
diisopropylcarbodiimide {brpC), Particularly Freferably

EDC. 1Ip contrast to Conventional mehods described :p Che
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licterature for similar coupling reactiors, it Dbas
surprisirgly seen feuad in this connection that on use ¢< a
carhodiimide as a -ule the use of outherwise obligarory
further activetors such as triazoles, e.g. HOBt, is
unnecessary ot evea makes the vields worse. In the
igveative coupling of ox~HES to vacious model compounds in
the presence of EDC and absercs of HOBt by contrast it was
possible to achieve nhigh yields substantially lrrespective
of the molecular weight of the HES (see euxamples}.

Tastead of the reaction of =he carboxyl group or activated
carboxy)l yruug with a free primary eminn group of =the
protein {e.g. of a lysine oI arginine residue), an
analognus reaction with a thiol gxoup (of a cysteine) of
the protein is also possidle ir principle. However, it must
be taken into account in this connectior that cysteines are
usually involved ia S-S5 bridges and are therefore rot
available for a coupling reactien. If, on the other hand,
tree cysteines are Fpresent, they frequently play abn
important part in catalysis or are invclved in the contact
site cf supunits. A modification of these cysteines will
then result in partial or complete loss of the bislogical
activity. This problem could be eliminated by introducing
free cysteines by conventioral genetic e¢ngineering mcthods
such as, for example directed matageresis ot chemical
peptide synthesia at those sites in the protein which are
knawn tc play no paxt in the activity. Cptimal control ci
rha coupling eite is possible in this way. ‘Targeted
introduction of other reaction amino acids, e.g. Lys, His,
A-g, Aksp, Glu, into the protein would also be possikle in
the same way.

The reactive group of the hydroxyalkylstarzch wolecule can
also be an amine gr thiol _3Toup produced by chemical
reaction of the terminal &ldehyde group. For.example, 2
reductive amination of the aldehvde group can be carried

BNS pane
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out by ceacticn witk ammonia in the presencs of nydrecen
and a catalyst or in the PZesonce of svdium
cyanoborohydricde. The resilting aminc or thiol ‘group can
then react with a tree carboxyl group of the proteir (e.g.
vf an optionalily activated glutamic or aspartic acid) to
form an amide or thioester lirkage.

A further posgibil ity is for the terminal alcehyde group of
tke bydroxyaikylscarch molecule ar 4 functionel group
derived therefrom by chemical reactisu alss to be reacted
with 2 svitable physiologically tolerated bifuncrional
linker molecule. :p tkis case, the “functioral group
derived from the terminal aldehyde group of the
hydroxyalkylstarch molecule by chemical Teaction” fer the
coupling reaction ig the remaining reactive functional
group of the kifunctional linker molecule with whiih the
termiral aldehyde group or the funetional group deriveg
therafrxom has been reacted. It 1is possible in this way
likewise to convert the terminal aldehyde group into a
desireq functional groug.

Suitable linker @olecules comprise a+ one end a ¢rovp able

25

30
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to enzer iato = covalent bonding wirh the terminal aldevhyde
group or a functional group derived therefrom by chemical
Teaction, e.g. a carboxyl group, activated carboxyl qroup,
aminy or thiol greup, anrd at t}:e-other end a group able To
enter inte a2 covalent conding with a ZTeactive Functiopal
grcup of the pretein, e.g. an amino, thiol op carboxy],
group. 3etween the twe functional groups of the iinker
molecule there is 2 biccompatible bridging molecule cf
suitable lengtn, €.9. a grouping derived from an elkane, an
{oligo)alkylene glycol grovping or another suitabie
cligamer grovping.. Prxeferred groupings able to feact with
amino groups ars, for example, K-bydroxysuccinimide esters,
sulfo-N-—hydxoxysuccinimide es;.ers. inido esters or othar
éctivated carboxyl garoups; prefarraed gI0upings able tg
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rzast with thicl groups are, fcr example, meieimide ard
carboxyl groups; preferrad greoupings able to react with
aldenydes or carboxyl groups are, for example, amino cr
thiol groups.

A rumber of specific, ncn-restrictive examples of suiiable
lirkar molecvles have alreacdy been Indicated abeve with
reference tc the conjugation of linker molecules to the

protein.

In an alternative inventive couplirg method of the present
invention, the terminal aldenyde group is reactad direc:ly
with a primary amina group {e.g. of a lysine or arginine
residue or of the N-terminus) of the protein to £form a
SchiZf’s base. The formed Schiff’s base is, subsequent or
paralle}l thereto, ceduced by reaction with a suitable
reducing agent, resulting in a bondirg which is stakble in
aqueous medium between protein and #HAS. Preferred reducing
agents are sodium borohydride, sodivm cyanoborohydride,
organic- boron complexes.'e.g_ a 4-{dimethylamino}pyridine-
boren complex, N-ethyldi isopropylamine-boron complex,
N-ethylmoxpltoline-toron complex, N-methylmorphoiine-boron
complex, HN-phenylmorpnoline-bocor complex, lutidine-boron
corplex, triethylemine-boron complex, trimethylamice-borcn
cowplex; saitable stercoselective recucing agenis are, for
example, scdium . triacetate borohydride, socdium
criethvlborohydride, sodium trimethoxyborchydride,
potassium tri-sec-butylboronydride (K-Seleczride), sodium
tri-sec-butylborohydride (N-Seiectride), 1lithium tri-sec-
nutylborohydzide (L-Selectride), potassium
triamylborobydride (KS-Selectride) and lithium triamyl-
terchydride (LS-selectride).

The yields can ve improved by suilable variation of the
reaction conditions. Parameters for such cptimization tests
are the pH of the reaction mixture {possible protein

B8NS oroe
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degradacion by 2lxaline borohydridc), lempereture apng
duration of swne ircubstior, arg raturs of the redoccing
agent £or the One-pot reaction. a furtter alternative jg
Lke POSsabilicy cf cazrrying out the £eaction in two steps,
in which case an iamobilized redicing agent can be emoloyed

for the reduction step.

The products of the coupling rcaceiog Tan he irvestigateq
by known methods, apnd the coupling efficiesney can be
established, Thus, for €xample, the free PLfimary amino

the coupling wich trinitrobenzenesulfonic acid (Habreb,
ASAF, Anai. Bioczher, 14, 328-33¢ {1966)). The Coupling
vield of reactions involving Primary amineg could also te
established py derivatization of the unreaczive amines with
fluorescamine apg determination of tae fluorescence. The
molecular weight distribuﬁion can be estahlished by 5bs-
PAGE and ge! bpermeation. The Fratein content ina the
conjugate can be detected hy SDS-PAGE and Subsequent silves
staining, while the saccharide content can be established
by a g9lycan-specifie staining of the bands sepacated by
SDS-PAGE after olotting onto 2 membrane. Quartitative
glycan determination is aiso possible. Exact identitication
of the coupling site on the protein is possible by Peptide
mapping and/ox MALDI-TOF mass Spectroscopy or electr03pray
ionization mass Spectroscopy. Tt is possible in this way to
cptimize che coupling and to predetermine the moliecular
weight distribution and POssibly (e.9. if the reactive
qroeps on the protein differ :g reactivity) even the
coupling site nf tha Productsy.

The conjugates of the bresent inventign can  where
dppYopriate Le empioyed as sych °r in the form of a
Pharmaceuticzal composition  tor the  prophylactic or
therapeutia treatment of the ﬁQman or animal bod}.
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Compositions of GThis type include 2 pharmaceusticelly
effoctive amount cf a conjugate o= the invention as active
irgredieat, and a pharmaceutically suitabie carrier anad,
where appropriate, <her therapeutic or pharmaceatical
ingredients or excipients. Excipienis may inciude for
example diluerts, butiers, Flavorings, binders, surface-
active agents, rhickeners, lubricants, presecve:ives
{including articxidants) and substances which serve to make
~he formulation isotonic with the blood of the in-ended
recipient. A pharmaceutically efrfective amount is the
amount suEficient to display on single or maltiple
administration a desired beneficial effect during 2
treatment to alleviate, cure oOr prevenrt a patholaogical
cenditicn. A pharmaceutically acceptable cacrier 1% a
caryier whick is compatible Dboth with the active
pharmaceutical ingredient and with the patient's body.

The form of the composition will vary depending on the
desired or suitable administcation route. A preferrad route
is parenteral administration, e.q. subcutaneous,
intramuscular, intravepous, ‘atraarterial, intraarticular,
intrachecal, extradural injection or, wkere appropriate,
infusion. intranasal, intratracheal or copical
admiaistratice is also possible. Topical administration of
growth factors conjugated according to the invention might
for ezomple speed up wouad healing. The pharmareutical
compositions may beneficially be supplied in the form of a
dosage ctrit and be produced by any method well known in the
pharmacy sector.

The conjugates of the present invention can also boe
emplcyed in all other sectors in which other protein-
polymer conjugates, &.gG. PEG-protein conjugates, have been
esed. Some specitic, non-restrictive examples are the use
of an HKAS-protein conjugate ‘as  immobilized c&talys: or
vaacrant for a reaction in hekterogeneous phase or as a

BNS pans
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column  mataxial for (immuno)affinity chrOmatcgraphy.
Fur<her Possible ysps wWill e Plainly evident to tpe
skilied worker with knowledge of The properties disclosed
kerein cof the inventive HAS-protein tonjugaces,

The followinq examplos are intended Co  explain ipa
invention in more detaji: Without, however, restriceing ;i
thezeto. :p parcicular, analogous reacctions can alsoe be
carried out  with hydroxymethylstarch and hydroxy-
Propylstarch, ang 8imilar resylis can be achievad.

EXAMPLE 1
—_—n 1
Selective oxidation of hydroxyethylstarch (HES) with iodine

12 g of HES-130 kb were dissolved jp 12 ml of deion:zed
water by heating in a round-bottomed flask. 2 m1 o an I,
solution {0.:N) were adges to Lnis solucicn. pipette with
2 m)l o 1.0n§ NadH was Comnected to the flask wia & 2-way
connector, and the YaOH salution was agddeq dropwise at
about 1 drop every 4 minutes. The solution was ‘decalorized
after additiop of approximacely 0.2 nl of the NaoQy solution
ard, at this Time, a second portion ¢f 2 m) of 0.IN iodine
solution was added. The reaction wag complete gfrer
additicn of 3 total of 1¢ ) ¢f iodipe solution and 2.3 ml
of NaoK Solutisn, The reaction mixtyre was then dialyzed
agaiqs: deionized water.

Lacconization:

Thea Partially desalted sclution was sudjected tg =
chcomatography o0 a cation exchange colymp (Arberlite
IR-120, §y* form) in order to convert the aldonate gzoups
into aldoniz acid groups. Subsequently, the wezer was
removed by lyophilizaticn, and thus the laccqng form was
obtained.
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Determination of the degree of oxidation:

I ml of alkaline ccpper reagent (3.5 @ of NaPO., 4.0 g of
X Na tatrate in 30 ml of B;0. plus 10 ml of 1N NaOH, 8.0 mi
of 10% strength (weight/volume) CuSQ; solution and 0.089 ¢
of K iodate in 10 ml of H,0, aftver addition 9f 1B g of Na
stulfate, make up to 100 ml) are pipettad in each case into
1 ml of sample solution under an N, atmosphere. The mixture
is heazed at 100ﬁc for 45 minuces. After cooling, 0.2 mi of
2.5% strength KI solution ard 0.15ml of 1 ™M E SO zre
added. After 5 nin, 1 drcg of phenol rad -indicator solution
{1% weight/volume) is added, and titration is carxied out
with 5 mM Ng;S»0; soliution until the color disappears. The
concentration of unreacted aldehyde groups can be
zalculated from the consurption of titrant.

An approximately guantitative yield was aclkieved (> 983%),
Ic is possible by this procedure to oxidize
hydroxyethylstaxches with higher molecular weight (e.g.
130 kD, 250 kD, 400 kD} jusct like hydroxyethylstarches with
lower molecunlar weight {e.g. 10 kD, 25 kb, 40 kD), in
similarly high yields.

EXAMPLE 2
Selective oxidation of HES with Cu® ions

A solvtion of 0.24 mmol of HES-130 kD was prepared in 10 ml
of deiorized weter with heating. Thils solution was heated
in a 100 ml round-bottomed flaskx to a temperature of
70-80°C, and 1.17 mrol of stabilized ¢u®¥ (e.g. Rochelle
sait as stabilizecr oz other stabilizers) and dilute aqueous
NaOH soiution was azdded (final concentration 0.1N NaDH).
The temperature was then raised to 100°C, and the reaction
was allowed to procesd until a reddish color had appearcd.
The .reaction was stopped and the reaction mixture was
cooled to 4°C. The reddisn precipitate was remcved by

BNS paae
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Eiltration. The filirate was dialyzed agaings dejcnizeg
waler and then converted intg the lactone ag in exasple 1
and lycpailized. The oxidation took pilace quantitativeliy
(vield > 939y, ‘T was also pFessible by this methed to
5 Oxidize 1low moleciiar weight EES (e.g. HES-10 kD, KES-25
- kD, KEZs-¢9 xpy- 2nd higher moieculzr waight Hzs species,

Coupling of select.xvely oxidized high molecular waight HES
12 (ox-HES-130 kD} to human serum albumin (BSA)

4.3 g o= Ox-HES-130 kD and 200 mg of HSA  (Sigma,
Taufkirchen) were tompletely dissolved in water by geatie
heating in a rouand-kottom tlask with megnetic stirrer.

5 30 my of ethyldimethylaminoptopylcarbodiimide {EDC),
dissolved in water, were added to tpis solution. Aftar
stirring very moderately for 2 h, a second portion of 30 mng
of EDOC was added. After stirring very moderately for a
further two hours, 2 ¢airg portion of 4g ng of the

20 Carbodiimide was added. The Teaction mixture was left under

these conditions Ovexnight, dialyzed against distilied

" Water for )% h ang lyophilized. The success of rhe C€cupling

) W3s demonstraced by gel Permeation chromatography, SDS-pAGE

and carbohyc‘:ate~specific staining {Glyco-pig kit from

25 Roche—Boeh:inger, Basle) after blotting onto a PVDF
membrane. The yield of ©oupling produec was zboue 90%.

35 {ox-BES-10 kD) to human serum albumin (H3a)

7.4 g of Ox-iIES-10 kD and 59 mg of HSA were completely
dissolved jip water in a found-bottom flask 'with magretic
stirrer. 7he reaction was carried out by the methad
35 described avove for high molecutar weight Eas; adding a
tatal of 282 mg of EDC in three aliquois. The reaction

BNSCOGID: «CA 247847821 | >



10

15

30

mammovads 1o

CA 02478478 2004-09-01
- 23 -

aixture was likewise cdialyzed and lyophilized as described
above. Analvsis (as above) showed the ccupling product was
obtained, but the yields were somewhat lower than in the
coupling with high molecular weight Ox-HFES.

EXAMPLE 5
Coupling of ox-HES-130 kD to myoglebin (Mb)

4.3 g of ox-HZS-130 kD were completely dissolved ir water
(6-7 m3}), and then 100 ng oi Mb (Sigma, Taufkircher),
cissolved in 10 m: of 0.1 M phoswhate buffer (oH 7.0}, were
added. The coupling reaction was started by adding 30 mg of
EDC. Addition of ECC was rapeated every 2 hours until a
zozal of 90 mg of ihe carbodiimide had been consumad. The
reaction mixture was then dialyzed against 50 wM phospbate
puffer, pH 7.0, and lyoprilized. G2C showed a definite
product peak, which was dctected in the hold-up volume at
450 nm. It was possible to calculate 3 coupling yield of
88% trcm this. The oxygen-binding capacity of the hesylated
myoglobin was about 76% of the binding capacity of
unnodifiad Mb.

EXAMPLE 6
Coupling ©f ox-BE5-10 kD to superoxide dismutase (SOD)

One part by volume of an agueous solution of ox-HES-10 kD
(1.05 g/nx) was incubated with cne part by volume of =~
7 ng/m. SCD solution (Sigma, Taufkircnen) in S50 mM
phosphaze buffec, pH 7.6, at room temparature. The coupling
reaction was initiated by a&adding 280 mg of EOSC 1in
S portions over a period of 24 h. The pregress of the
reaction was followed by GPC énalysis in phosphate buffer
and detecticn at 280 nm. After 24 h, 81% of the protein
were found ir the tigher molecular weight region of the
separating cotumn, and the reaction was stoppedéfter this
time. The reaczion aixture was subjected to a diafiltration
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with a 38 xp membrane angd ther. lyophiiizeq. Mass
Spectrometric analysis ¢f che Product showed ap average
molar rativ of HES to pProtein of about 3:1.

5 EXAMPLE 7 B
- Coupling of ox-HES-130 kD +o streptokinase {SK)

3.8 kg of OX~HES-130 kD ware dissolved togetner with 35 ng
of streptakinase {Sigma, Taufkirchen) in the minimum amount

10 of 50 mM phosphate buffer, py 7.2, At room temperatyre,
46.5 mg of EDC and 20 wmy of l—hydroxybenzotriazole hydrate
(HO2L) were added, and reaction wasg maintained with qertle
sLirring for 2 total of 24 h. After dialysis apd freeze
drying, abort 78% of the Protein were foung as  HES

15 conjugate by gpe analysis. In the SDS-PAGE wi<h silver
steining, a distinct increase in the molecular mass of the
sIireptokinase was observable, 1Ig barallel with tais,
carhohydrave §tructuves yere unambigquously detectable in
the high molecular waveband with +he digoxigenin methnd.

20

45 mg of ©x-dES~=130 kD were completely dissolved in 0.5 ml
25 of S0 mM Na phoaphate buffer, pu 6.5, with gentle heating.
After addition cf 0.25 mg or human IL-2 {Sigma,
Taufkirchnen), wiich made the solution Opague, the mixtuzrae
was stirred at room temperature for 4-6 h. Then s mg of EpC
were added in 4 POrticns with a time Ciffereonce of 2 h for

30 each, and stirring was continued cvernight, resulting in a
c¢lear solurion. GPC analysis revealed a Coupling yield of
akout 65%,

—— e .
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EXAMPLE 9
Coupling of ox-HES-25 kD to human tumor necrosis factor o
{TNEa)

0.3 mg of hINFx (Sigme, Tzufkizchen) were added to 86 mg of
ox-HE3-2S kD in about 0.4 ml of 0.1 ¥ phosptate buffer (pd
7.0). The cloudy solution was stirred for about 2 h beiore
1 mg of EDC and 0.5 ag of HOBt were added. Stirzing was
continued for about 6 kL, with the solution becoming clear
during the reaction +ime. The coupling product was isolated
by ultrafiltratior and freeze drying and analyzed by GPC
and detection at 280 nm. A coupling yield of approximately

.74% was found in this case.

EXAMPLE 10
Coupling of ox-HES-130 kD to glucagon-like peptide (GLP-1)

7.4 g ¢f ox-HES-130 kD were dissolved in a winimum volume
of water by heating and gentle stirring. A solution of
10 my cf GLE-1 in the amide ferm iBachem, Switzexland) in
50 mM phosphate buffer, pH 7.4, was added by pipette. The
ceaction was started by adding 35 mg of EDC and was
cautiously stivred for 2 h. This was repeated 2x more
because, after this time, a peptide peek was no longer
evidont in the GPC aralysis at 280 nm, ji.e. approximately
complete conversion to the coupling product nad taken
place. This couplirg product was diafiltered using a 30 kD
membrane and ivophilized trom phosphate buffer solution. It
was posaible to conclude from +te resuits of a MALDI mass
spectroscopy that the stoichiometry between peptide and HES
was 1:1.

BNS nans
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EXAMPLE 11
Coupling of high molecnlar weight HES (85S-130 kD) to human
sexrum albumin (ASA)

9.75 g of HES-130 KD were completely sdissalved in water
(6-7 ml), and then 50 mg of HSA, dissolved in 1 nl of G.1 M
phosphate buffer (pil 7.4} were added. The reaction mixture
was stirrced with a magnetic stirrer. The solution was then
mixed with NaBH,CN (50-70 mg}) and stirred gently for a few
minutes. The sclution was further stirred for 15 minutes
every two hours. Then g further aliquot of NaBH3 CN  {about
50 mg) was added. ar the end (after a reactinn time of
almost 36 h), a ota) amount. of 285 mg of NaBH,CN had been
employed. The solution was then dialyzed and lyophilized.
Analysis tock plac.e as descriked ip example 4. The coupling
efficiency was abouc 65%,

EXAMPLE 12
Coupling of low molecular weight EES (EFS-130 kD) to buman
Serum albwnin (HESA)

4.5 g of HES were completely dissolved in water (4-5 ml)
and 5) mg of HSA, dissolved in lml of 0.1 M phosphate
buffaer (pH 7.4) were added. ®When the solution was clear, if
necessazy effected by stirxring with a magnetic stirrer,
NaBH. (50-70 mg) was added and mixed in with gentle
stirring. The solution was left to stand withcut stirring
for two howrs and then stixred foxr 4 minutes every two
hours as Zoy the ¥eaction with high moleculiar weight HES.
When :te scglution ne  longer showed any buﬁbles (Ha
evoluzion), a further aliquet of NaBHy ({about 50 mg) was
added., At the end, a tote) amount of 180 ng of NaBH, had
been employed. The solution was then dialyzed and
lyopnilized. Analysis toosk place by 9¢l permeatrion
chromatcgraphy (GEC), ard the yield was ahout 15?.
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EXAMPLE 13 .
Coupling of HES-40 kD to asparaginase

3.0 g of HE$-4C kU were completely dissolved in water
fabout 4 ml). A solution of 80 my ». asparaginase (§igma,
Taufkircken) in 6 ml of 0.1 M Dborate buffer, pH 9.0, were
added thereto and stirred untili the reaction mixture was
clear. The temperature was then raised to 37°C and, after
2 h, apout 50 mg-of NaBHiCN were added. ‘This reaction cycle
was repeated 3x more. The product was worked up by
dialyzing the rezction mixture against 0.1 M phosphats
butfer, pd 7v.4. The yield of coupling product was ebout
1%, and =zbout 73% of the asparaginase activiiy was

recovcrabla.

EXAMPLE 13
Coupling of HES-130 kD to human interleukin-2 (IL-2)

50 mg ot HES-130 kD werz completely dissolved in water
(about 0.2 ml). A suspension of 0.29% mg of numan IL-2
(Sigma, Taufkirzcaen) in 0.2 mi of 0.1 M borate buffer, pH
9.0, was added thereto and stirred until the reaction
mixture was clear {4 h}). 31 mg portions OF NaBd\CN were
acded at intervals eack of &4 h, and stirring was continued.
After a further reaction rtime of 24 h, the mixture was
dialyzed against €.1 ¥ phosphate buffer, pH 7.4 and
lyophilized. Thne yield of coupling product was abuut 42%
acceeding ta GPC analysis.

EXAMPLE 15
Coupling of HES-130 kD to insulin

4.0 g of FEES-13) xD were completely dissolved in water
fabout 6 ml). 35 mg of insulin from bovine panzreas (Sigma,
tavEkirchen) in 7.5 ml of 0.1 M borate buffer (pH 9.C),
were added therets and stirred at 37°C for about 24 L. The

RNS aana
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reducing agent NaBHCN (60 o9 in 3C ml) wag slowly addegd
dropwise over a period of § h., The reaction mixture was
<hen stirred for a further 24 h ard freed of fawlsg anc
unreasted reagents by vltrafiltracion {36 kD).
Lyophilization resulted in a stable coupling praduct. Adout
%53 of the insulip employed was recoverad as BEES ccnjugate.

EXBMPLE 16
Coupling of ox-HES-130 kD to superoxide dismutase {SoD)

130 mg of OX-HES-230 XD were completely dissolved in € ml
ot PBS DpH 35, and then 10 mg of 50D {Roche, Mannhzim)
dissolved in 1 mp of PBS PH 6 wers added. ‘he coupling
Teaction was started by adding 10 My of EDC. Addition of
EDC was repeateq every 3 h wuntil 39 ng of tre carbodiimide
had been Consumed. Ths reacrion was monitored by GpC at
258 nm, After 24 b, 50% of the Protein were found ip the
high molecular weight region of the Separating column, and
the reaction was stopped. The reacrion Aixture was dialyzed
&gainst 25 mM Phosphate buffer PH 7.2 ard lyophilizog. The
S0D activity was 95y of the initial Ctivity. Determination
of the mass distrikution of HES procein samples by coupled
GEC-light scattering revealed a molar ratio of HEs to
protein of 1:31.

. EXAMPLE 17

30

35

247847041 | >

Coupling of ox-HES 70 xD to glucagon

Glucagon (66 x 10 mol,  0.23 mg), oxRES 70 xp
(6.6 x 20™° mol, 123 mg) were dissolved in phosphate buffer
(rl, PH 5) i a round-bottom flask. 25 mg of EDC were
added in 10 portions at intervals of 1 h. After a reaction
time of 24 h, the reaction was stopped by adding 10 m1 of
water., The coupling product wa Purified by after dialysis
2gainst water by GPC and {Bn excharge ch:ohatography-
¥reeze crying cesulted in 88 mg of white coupling preducs (73%).

’



12

15

20

30

35

CA D2478478 2004-C9-01

WO 03/074087 PCT/EP03/020B3
29

CLAIMS

1. A hydrexyalkylsitarch-prot2in cornjugate, characterized

in that the Dbiading interaczior  betweer  the
hvdroxyalkylstarch moiecule ard the protein is based on
a covalent bonding which is the result ¢f a couplirg
reaction between (i) cthe terwinal aldeahyde group, or a
functional group derived from this aldehyde grsup by
chemical reactton, of the hydroxyalkylstarch molecule
and (1i) a functional group, which is able to react
with this aldehyde group or furctional ¢roup derived
therefron of the hydroxyalkylstarch molecule, of the
protesin, where the bonding resulting directly in the
coupling reaction can be modified where appropriate by
a further veaction to give the abovementioned covaleant
bonding.

- The hydroxyalkylstarch-pzcteir c¢onjugate as claimed in

claim 1, characterized ir that the Cfunctional group
derived from the terminal aldshyde group of the
kydroxyalkylstarch molecule by chemical reaction is oae
of <the functional groups of =a bifunciional linker
molecule with which the zexminal =zldehyde g-oup nas
been reacted.

The hydroxyalkylstarch-protein conjugate as claimed in
claim 1 or 2, characterized in thzt the reactive
funcrional grocup oI the protein is one of the
functional grcups o2 a Ybifunctional linker molecule
which nas been coupled onto the protein.

Tne hydroxyelkylstarch-protein conjugaze as claimed in
claim 1 oz ¢, characterized in cthat the reactive
functional grour of the protein has been introdeced
into the protein by recomdsinant nodification of the
ariginal amino acid sequence.

BNS nnas
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Tre hydroxyalkylstarch-protein conjugate as claimed in
claim 1, 3 or 4, characterized in that the covalent
bondirc is the result cf 3 coupling reactijion betwsen a
carboxyl group formed by , seleective oxidation of +he
terminal aldehyde gtoup, or activated carboxyl ¢roup,
of tae hydroxyalkylstarch molecule and a primary amiro
9roup or thiol group ¢f the proktein.

The conjugate as claimed in claim s, characterized in
that the covalent konding 15 an amide linkage which is
the resulc of a coupling reaction between an activated
carboxyl group formed by selective oxidation of the
terminal aldehyde gecup of the hydroxyalkyistarch
molecuie, and a Primary amiro group of the protein.

The corjugate as claimed in ¢lain 1, 3 or 4,
characterized in that the covalent bording is an amine
linkage which is the result of a coupling zeaction
berween the. tezminal aldehyde group of the
hydroxyalkylstarch molecule and a orimery amine group
of the protein to form a Schiff’s base, and reduction
of the Schiff’s base to the amine.

The conjugate as claimed in any of c¢laims 1 to 7,
characterized in that the hydroxyalkylstarch moiecule
has a molecular weight in the range from abcut 4 ¢o
about 1000 kd.

The conjugate as cla‘med in claim 8, chéractecized in
that the hydroxyalkylstarch molecule has a rolecular
weight of about 4 tn about 50 xO.

The conjugate as claimed in claim 8, charactzarized in
that the hydroxyalkylstacch molecule has a Rolecular
weigat of about 7¢ te about 1000 kpD.
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The conjugate as cloimed ip claim 10, characterized in
that the hydroxyalkylstarch fwolecule has a motecular
weight of about 130 kD.

The conjugate as claimed in any of claims 1 to 11,
charactzezized in that the hydroxvaixylstarch molecule
has a deqgree of substitution of about 0.3 to ahowt 0.7.

The conjugate as claimed in any of claims 1 to 12,
characterized in that the hydroxvalkylstarch molecule
has & rativ of C; ta C; substiktaticn of from 8 ta 12,

The conjugate as claimed in any of claims 1 to 13,
charactecized in that the hydroxyalkylstarch melecule
is a hydroxyethylstarch molecule.

The coniygate as claimed in any of claimz 1 to 14,
charactezized in that the protein has a regulatory or
catalytic function, a signal traasmitting or transpcrt
function ox a function in the immune response or
induction of an immunre response.

Tne conifugate as claimed in claim 15, characterized in
that the protein is selected from the group composed of
enzymes, antibodies, antigens, trznsport proteins,
kioadhesion proteins, hormones and prohormones, growth
factors and growth factar Trecepilors, cyknkines,
receptors, Suppressors, activacors, inhibitors or a
functional derivatrive or fregment thereot.

The conjugate as c¢laimed in claim 15 or 16,
characrerized in that the protein s @-, B- or
y-interfexon, an interleukin, a serum protein, e.g.
albumin or a clottin-g factor, erythropoietin,
myaglobin, hemoglobin, a plasminogen activator, BCGT,

FINS nane
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BDGF, =GF, FGF, NGF, PDGF, BDNF, CNTF, TGF~g, TGF~3, a
colony-stimula:ing factor, a Blp, soratcmedin,
somatotropin, Somatostatin, insuiip, goaadotropin,
- MSH, triptoreiin, prolactin, calciton:in, glucagor, a
glucagon-lika peplide, e.q. GLP-1 or GLp-2, exendin,
leptin, gdstrin, secretin, an integrin, 3 nypothalamus
Formane, €.9. 2n ADH, oxyrocin, a liberir or statin, a
thyroig rormone, e.q. thyroxine, thyrotropin,
thyroliberin, a grawth hormone, €.9. human rowth
hozmone, LH, FSHE, a pigmentary hormone, TNF-g or TXF-B,
hirudin, a lipoprotein or apoiipoprotein, e.g. Bpn-3,
Apo-E, Apo-i,, an oligolysire Protein, an RGD protein,
a lectin or ricin, bee venom Or a snake venom, an
immunotoxin, ragweed allergen, antigen E, an
ilmminoglopulin, Or a receptor for one of thess proteins
or a functionaj derivative or fragment of ope of these
proteing ox receptors.

The conjugate ag claimed in claim 15 or 18,
characterized in that the protein ig an enzyme which :g
selected Ffropm an asparaginase, ~arginase, arginine
deaminase, adencosine deaminase, qlutaminase,
glutaminase-asparaqinase, phenylalanine amwmonia~lyase,
tryptoptarase, tyrosinase, superoxide dismutase,
endotoxinase, catalase, pPeroxidase, kallikrein,
Srypsin, chymotrypsin. elastase, thermolysin, a lipase,
uricase, adenosire diphcsphatase, Purine-nucleoside
phospharylase, bilirubin . oxidase, glucese oxidase,
giucodase, gluconate oxidase, galactos:idase,
giucoce:ebrosidase, glucuranidase, hyalucronidase,
tissue factor, a tissye Plasainogen activator,
streptokinase, vrokinase, an MAP kinase, DNAsq, RNAse,
lactoferrin, ang functional derivatives or fragmencs
thereof,

A pharmaceutica) cocmposition ccmb:ising an effective
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amounz of a conjugate as claimed in any of clales ! to
13 dand & pharmaceutically acceptable cerriez and, where

appropriate, further excipients arnd active ingredients.

The use of a conjugate as claimed in any of claims 1 to
18 or a tomoosition as claimed in ciaim 19 Zcr the
tterapeutic ot preventive rIreawment of haumans  ox

animals.

A metpod for preparing a hydroxyalkylstarch-protein
ccnjugate as claimed In any of <claime @l bto 18,
charvac:erized in that a coupling reaction 1is carried
out in aqueous soluticn between the termiral aldehyde
group, or a functional group derived freom this aldelhvde
group by chemical reaction, of the hydroxyalkylstarch
molecrle an¢ a functional group, which is zhle to zeact
with this eldehyde g-cug or furctiornal group derived
~“herafrom of the hydr-orvalkylstarch molecule, of the
protein, and tae bording resulting directly in the
coupling reaction is modified where appropriate by a
further reaction.

The wethod as c<claimed in claim 21, nmharacterized in
that the reac:tiorn medium of the coupling reacticn is
watex or 3 mixtwure of water and an organic solvent,
where the water conteat uf the wixture is at least 803.

The mez=hod as claimed ir c¢laim 21 o 22, characteciced
in that the terminal aldehyde group of the
hydroxyalkylscazzh molecule is converted by selective
exidatien into the corresponding carboxyl
functionality, and the latter is subsequently reacted
under activating conditions in aqueous soluticn with a
free amino group of the protein, so that the
hydroxyalkyistarcn molecul.e is linked to the protein ty
an amide linkage.
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The mecthod as claired in claim 23, characterized jn
that the selective oxidation o0f the aldehyde gIotp is
carried out with izdine or metal isrs in basic Qqus=ous
solution.

The meclod as c¢laimed in claip 23 or 24, characterized
in that the coupling reaction is carried out in the
presence ¢f a carhocdiimide.

The =>ethod as claimed in claim 23, characterized in
that the carbodiimide is 1-(3-dimechylaminop:opy1)-3-
etbylearbodiimide (EDC) .

“he method as claimed in claim 21 op 22, characterized
in  that the terminal  aldehyde group - 2f the
hydroxyalkylstarch molecule s coupled ta a free amiro
graup of the protein to form o Schiff’s base, and the
formed Schiff’s base is reduced to the amine, go that
the hydroxyalkylstarch molecule i3 Iinked to the
pProtein by an amine linkage.

The methed as Claimed in cleaim 27, characterized in
That both coupling and veduction rake place in aqueogus

soluzion.

The metlod as cilaimeq in claim 27 or 2a, chacactecized
in that the reducing agent is sodium borohydride,

sodiuvm cyanoborohydride or an ¢rganic koron complex.

The method as claized in say of clains 27 to 29,
characterized in . chat the coupling- ang reduction
zeactions are carried out simuitaneousLy.

i. A pethod for preparing 'hydroxyalkylstarch which is

selectivaly oxidized at the terminel aldehyde group,
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characterized in that the hydroxyalkylstarch is reacted

in a nolar ratio of iodine to HAS of from 2:1 to 20:1
in basic aqueous solution.

Tha

meLhod as claimed in.claim 31, characterizcd in

that the molar ratio of iodine to HAS is about 5:1 ta

6:1.

The
that
al

b}

<)

dj

e)

)

The
that
0.05

method as claimed in c¢laim 31, characterized in

an amount of hydroxyalkylstarch is dissolved in
warm distilled water, and somewhat less than ! mole
eguivalent of aqueous iodine solution is added,
NaOd solution in a molar comcentration which is
about 5-15 times that of the iodine solution isg
slowly added dropwise, at intervals of a plurality
of minutes, to the reaction solution until the
solution starts to become ¢lear again after the
addition,

somewhat -less than 1 mole equivalent of aqueous
iodine sgolution is again added to the reaction
solution,

the dropwise additior of the HNaOH solution is
resumed,

steps b) to d) are repeated wuncil approximately
5.5-6 mole emivalenta of icdine. solution and
11-12 mole eguivalents of NaOH solution, based on
the hydroxyalkylstarch, have been added,

the reaction is then stopped. and the reaction
solution is desalted and subjected to a ecation
exchange chromatography, aud the reaction product
is obtained by lyophiiization.

method as claimed in claim 33, characterized in
the agqueocus iodine solution is an approximately
-0.5N iodine golution,

RANS rane
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The method as claimed in claim 33 or 34, cha-ecierized
in thar the molar cencentration of the HaDH solution s
aboui 10 times that of the iodire solution.

& methed for prepazing hydroxyalkylstarch which i3
selectively oxidized at the terminal aldehyde group,
ciaracterized in that the HAS is oxigized in agueous
alkaline solution with a molar excess ol stabilized

metal ions selected from Cu’” ions and 2g” ions.
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